it was necessary to reconsider the oak-dominated Unit VIIa, and move it from interpleniglacial to interglacial, on the basis of a Th/U date of around 117,000 yr BP. Thus, Carrión et al. (1998 , 1999 Here we present a new radiocarbon dated, Late Glacial to Holocene pollen record, together with dating for some Pleistocene beds studied in Carrión (1992) . This new study completes the palaeoenvironmental record, and covers a time span from the Eemian up to the last millenium.
Setting and modern vegetation
Carihuela cave is located 45 km northeast of Granada city in eastern Andalusia, southern Spain. It is situated on the north slope of the Sierra Arana Mountain in the valley of the southwesterly flowing Río Piñar (Fig.   1 ). The cave opening faces north, is situated on the south side of the valley at approximately 3º25´47´´W, 37º26´56´´N, and is 1020 m above sea level.
Carihuela is just one of the several caverns located in the area, with the companion Cueva de las Ventanas being renowned because of speleo-turism (Riquelme 2002) . These caves honeycomb a hill upon which a Moorish castle stands. It is this castle which gave rise to the name of the hill, El Castillo ( Fig. 1 ). This hilltop, as well as the caves on its hillside, has a commanding view of the surrounding countryside.
Modern landscape has been altered by anthropogenic activities.
Most of the present area around Píñar is utilized for agriculture. Some of the land is under orchards, but the overriding portion is tilled and mainly under wheat, and to a smaller extent under barley. Olives and wine grapes have been cultivated in the area probably since the Early Bronze Age or earlier (Wigand 1978) . Citrus and Prunus orchards are recent introductions.
Local forests are characterized by the evergreen oak Quercus rotundifolia, with the semi-deciduous Q. faginea in areas with the most humid soils. Q. rotundifolia dehesas are also a common feature of local landscapes. Mixed oak and pine forests are better preserved at higher elevations, primarily along the ridge and on the slopes of the Sierra Arana to the south, but a few other isolated forested areas occur to the southwest and north of Piñar and to the west of Iznalloz beyond the Río Cubillas (Carrión 1992) . A scrub stage with Quercus coccifera is more common, with Pistacia lentiscus, Phillyrea angustifolia, and Olea europaea in thermic situations (Carrión 1990) . Relics of Pinus sylvestris and P. nigra forests are found in the region above 1600-1800 m. It is worth stressing that floristically-based phytosociological models (e.g. Rivas-Martínez 1987) contend that potential vegetation on the hills and plains around the Piñar River is a monospecific Q. rotundifolia forest.
Cave description
Carihuela Cave has three entrance ways, which join after a short distance to form a single chamber with a corridor continuing deeper into the hillside.
The cavern axis is oriented in a generally south-easterly direction from the main entrance (Fig. 2) (Vega-Toscano 1988) . The largest entrance chamber, Chamber III (CIII), is about 13 m long and 4 to 6 m wide, and is connected on the east by a corridor leading to Chambers I and II.
At the south end of Chamber III a corridor about 2-3 m in width opens into Chamber IV (CIV). This chamber is about 7 m in length and about the same in width. It is in this chamber and the corridor leading to it that most of the excavations pertinent to this study were carried out (Fig.   2 ). To the south wall of Chamber IV, a large and easterly, downward opening connects to Chamber V (CV). At this point, however, the slope of the cavern floor rise steeply upward towards the far end of CV, which southern part is illuminated by light entering through a chimney. This is the place of entry for the rock-fall talus cone which occupies much of this chamber.
Excavation findings
Archaeological exploration in Carihuela has episodically been conducted since the fifties (Spahni 1955) Biotic transport is evident in Units VII and VI (Vega-Toscano 1988 , Carrión et al. 1998 ). On the other hand, cave spall depending on internal weathering of walls and roofs have been a source of sediment in Units X, VII, V and III, which coincided with stadial stages in the pollen sequence. 
Chronology
Several series of thermoluminescence dates were provided by Fremlin (1974), Göksu et al. (1974), and Vega-Toscano (1988) , but lack exact stratigraphical origin, and uniquely refer to the nature of material and industrial typology (Tables 1 and 2 During the course of investigations by Carrión et al. (1998 Carrión et al. ( , 1999 and this work, several samples of sediment from different sections have (iv) Sediments building CIV sections 3, 4 and 5, which are placed within Pellicer (1964a)´s excavation area, were deposited between ca. 15,700 and 1250 yr BP (Table 3) . Dating of these sediments suggest that Unit III is mainly Lateglacial, and Units II and I are postglacial, as suggested by Vega-Toscano (1988) .
Pollen-analytical methods
Carrión (1992) studied palynology of Units XII to IV, although the Unit XII and the lowermost levels of XI contained no pollen. Carrión et al. (1998) carried out pollen analysis of two profiles from CIV (1 and 2) comprising Units VI to III (Fig. 2) . Here we present pollen analysis of three additional sections from CIV situated in the transition towards CV. These profiles, referred as CIV sections 3, 4 and 5, embrace Units III to I ( (Table   3) . As in the course of past investigations pollen analysis for some lithostratigraphic units was repeated (Carrión 1992 , Carrión et al. 1998 , it was necessary to exclude overlapping spectra in the construction of the synthetic diagram. Thus, although curves in Figs. 3-6 seem to be continuous, one should bear in mind that hiatuses may occur at the section changes and at several other stages of the sequence. In order to avoid confusion with Carrión (1992)´s zone R (Unit VIIa), we here propose a new nomenclature for the pollen zones (Figs. 3-6 ). 
Results: completing the pollen record

General features of the new sequences
Taphonomical considerations
It is worth mentioning that several peaks of indeterminable pollen coincide with decreases in the number of pollen taxa, and eventually with relatively high values of Asteraceae pollen, for instance in the uppermost zone 21
( (Figs. 3-4) , suggesting that the events to be described are real, rather than statistical artefacts. Fourthly, because, it is apparent that the declines in concentration are not universally related to increased values of indeterminable and/or Asteraceae types (Fig. 4) . 
Discussion
Lateglacial and Holocene palaeoenvironments
The new pollen record starts at ca. 
The whole sequence
After these results, the main features of the Carihuela anthropophytes across the transition from mid to late Holocene (Fig. 7) .
It cannot be stressed enough that, in order o compare lithological and palaeobiological evidence in Carihuela, the best criteria are the nature and composition of the pollen assemblages rather than the pollen percentages or concentrations (Fig. 7) . Thus, as shown by Carrión et al. Table 2 . Thermoluminescence dating for Carihuela CIII and CIV chambers (Units XI-III) in accordance with determinations by Göksu et al. (1974) and subsequent modifications by Göksu & K. Sammers (in Davidson 1989) . Suggested litho-and palynostratigraphy rely on the archaeological findings in combination with data in Figure 7 Sample nº Göksu et al. 
